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Urinary albumin excretion in families with type 2 diabetes is Evidence for clustering of overt diabetic nephropathy
heritable and genetically correlated to blood pressure. in families has been reported in types 1 and 2 diabetes
Background. Levels of urinary albumin excretion (UAE) [1–5]. Recently, several studies have sought evidence
are used to define both the diagnosis of diabetic nephropathy
of familial predisposition to elevated urinary albuminand its progression. Predisposition to high blood pressure is
excretion (UAE) in type 2 diabetes [6–8]. These studiesalso a risk factor for susceptibility to nephropathy, but its rela-
demonstrated elevated UAE in nondiabetic siblings andtionship with UAE in type 2 diabetes remains unclear. In this
study, we have estimated heritabilities of UAE and blood pres- offspring of probands with diabetic nephropathy. This
sure and their correlation attributable to genetic effects using suggests that predisposition to nephropathy may be man-
96 large families ascertained for type 2 diabetes. ifested as elevated UAE in normoglycemic subjects,
Methods. In these families, 630 individuals with type 2 diabe-
whereas this phenotype progresses to overt proteinuriates and 639 individuals with normoglycemia were examined.
and end-stage renal disease in the presence of diabetes.All of them had a determination of UAE as the urinary albumin
creatinine ratio (ACR), a convenient index of UAE, together All of these studies, however, were small and could not
with blood pressure and other variables, such as age, sex, and define the degree of familial aggregation of nephropathy
body mass index. A variance components approach was used or its antecedent, elevated albumin excretion.
to estimate heritability and genetic correlations for ACR and The relative contributions of heredity and shared envi-systolic and diastolic blood pressures (SBP and DBP) after
ronment to a trait have been tested historically by com-adjustment for relevant covariates.
paring the occurrence of the trait in monozygotic andResults. In the 96 pedigrees, 6481 usable pairs of relatives
were identified. In the total collection of pairs, heritability for dizygotic twin pairs, an impractical approach in type 2
ACR (h2 5 0.27, P , 0.001) was similar to that for blood diabetes patients with nephropathy. Alternatively, famil-
pressure. When only pairs of diabetic relatives were analyzed ial aggregation can be determined using covariance be-
(N 5 1732), the estimates of heritability increased slightly for
tween relatives within families [9]. Recent developmentsACR (h2 5 0.31), SBP (h2 5 0.33), and DBP (h2 5 0.23). A
in statistical genetic analysis now enable the assessmentsignificant genetic correlation was found between ACR and
of heritability (the proportion of total phenotypic vari-SBP (rg 0.27) and DBP (rg 0.26) in all pairs of relatives (P ,
0.001). In pairs of diabetic relatives, these values were higher ance due to additive genetic effects) and the genetic
for SBP and DBP, 0.38 and 0.52, respectively. correlation between traits in the extended families in the
Conclusion. In families with type 2 diabetes, UAE is a heri- presence of environmental covariates. This approach has
table trait, with a heritability similar to that for blood pressure. been employed to assess genetic contributions to variationA significant genetic correlation between UAE and blood pres-
in cardiovascular risk factors [10] and has been extendedsure, particularly in the presence of diabetes, indicates that
to the mapping of genes for quantitative traits [11].these traits share common genetic determinants.
Within the extensive literature on familial aggregation
of blood pressure using nuclear families, estimates of her-
1 Current address: Regional Nephrology Unit, Belfast City Hospital, itability fall in the range of 0.20 to 0.40 for systolic blood
Belfast, Northern Ireland. pressure (SBP) and 0.15 to 0.30 for diastolic blood pres-
sure (DBP) [reviewed in 12]. In type 1 diabetes, parentalKey words: albumin excretion, diabetic nephropathy, type 2 diabetes,
familial aggregation, heritability, blood pressure. hypertension is associated with increased susceptibility
to diabetic nephropathy [13, 14]. In type 2 diabetes, ele-Received for publication August 19, 1998
vated blood pressure predicts abnormal albumin excre-and in revised form June 16, 1999
Accepted for publication July 21, 1999 tion in Pima Indians [15]. Although there are no compa-
rable studies in Caucasians, these results suggest that 2000 by the International Society of Nephrology
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elevated blood pressure should contribute to predispo- Type 2 diabetes was predominately early onset (the
median age at diagnosis in the family was less than 35sition to nephropathy in type 2 diabetes as well.
years) in 45 families and predominately middle-age onsetThe primary aim of this study was to determine the
(the median age at diagnosis in the family was betweenextent to which UAE, measured as the albumin creati-
36 and 60 years) in the remaining 51 families. Ten early-nine ratio (ACR), is heritable in large families with type
onset type 2 diabetes families have been shown to have2 diabetes. Using the same large families, we also as-
distinct hepatic nuclear factor 1a (HNF-1a) mutationssessed the proportion of variation in blood pressure mea-
segregating with diabetes (Krolewski et al, unpublishedsurements (SBP and DBP) that is attributable to genetic
observation). Although this group of families has beeneffects. A secondary aim of this study was to estimate
documented to have a lower frequency of hypertensionthe genetic correlation between ACR and blood pressure
and diabetic nephropathy [17], they are included in this
measurements to test the hypothesis that diabetic ne-
study to avoid bias in estimation of genetic parameters.
phropathy and hypertension in type 2 diabetes share a
common genetic susceptibility. Examination of study participants
The protocol and informed consent procedures used
in this study were approved by the Human Subjects Com-
METHODS mittee of the Joslin Diabetes Center. After written con-
Ascertainment of type 2 diabetes families sent to participate was obtained, family recruiters exam-
ined individual family members living in New EnglandThe families used for this study were recruited for
(USA). Nurses in local medical facilities examined mem-studies on the genetics of type 2 diabetes at the Joslin
bers of eligible families living in other parts of the UnitedDiabetes Center [16, 17]. Briefly, these families were
States or Canada. Examinations were performed withselected and examined because the pattern of occurrence
the patient in the fasting state and included collectionof type 2 diabetes in relatives was consistent with an
of a blood sample and a random urine specimen, mea-autosomal dominant mode of inheritance. An additional
surements of height, weight and blood pressure, andselection criterion was the availability of a large number
completion of a medical and family history question-of family members (with and without diabetes) willing
naire. Systolic (SBP) and diastolic (DBP) blood pressure
to participate in the study. (fifth Korotkoff sound) was measured twice with a stan-
The screening criteria to identify eligible families were: dard sphygmomanometer while the individual was seated
(a) a proband and at least one sibling with type 2 diabe- after a five-minute rest. The medical history included age
tes; (b) diabetes occurring in at least three generations; at diagnosis of diabetes, its treatment, lifetime maximum
and (c) diabetes inherited on one side of the family. body weight, the occurrence of complications of diabe-
Probands had to have diabetes, diagnosed between age tes, and diagnoses of hypertension, kidney disease, and
10 and 60 years, that was treated initially for at least two cardiovascular disease. The percentage of ideal body
years with diet or oral agents. weight (IBW) for males was calculated as BMI 3 4.39
Screening for such families was conducted first in the and for females as BMI 3 4.76 [18].
Joslin Clinic population [16, 17]. To expand the roster
Laboratory methods and diagnosisof large families with type 2 diabetes occurring as an
Fasting blood was drawn for blood glucose determina-autosomal-dominant disorder at an early age, the recruit-
tion and other biochemical measurements. Nondiabeticment of families was expanded by advertisements in peri-
individuals and those diabetic individuals treated withodicals targeting patients with diabetes and also diabetes
oral agents or diet had an additional blood sample drawneducators throughout the United States. Overall, about
two hours after an oral challenge with 75 g of glucose1500 probands were identified who met the screening
for blood glucose determination.criteria. Families of the probands were surveyed further
Diabetes was diagnosed if: (a) an individual wasto identify diabetic and nondiabetic members who were
treated with insulin or oral agents; (b) results of the
willing to participate in the genetic study. Families with oral glucose tolerance test (OGTT) met World Health
the largest number of diabetics willing to participate in Organization (WHO) criteria for diabetes [19]; or (c) the
the genetic study were selected for examination. Thus level of HbA1c was .7.0% (normal ,6.0%) in individuals
far, a total of 96 multigenerational families with an appar- who declined the OGTT or were not fasting when exam-
ently dominant mode of inheritance of type 2 diabetes ined [20]. Individuals with impaired glucose tolerance
has been recruited, and 4 to 16 members with diabetes (N 5 66) were included as type 2 diabetes.
per family have been examined. This includes two subsets Methods for measuring urinary levels of albumin and
of families previously described [16, 17]. A family typ- creatinine for determination of the ratio of albumin to
creatinine as an index of UAE have been described pre-ical of those recruited for this study is shown in Figure 1.
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Fig. 1. Pedigree of a typical family used in
this study. Squares indicate men and circles
indicate women; filled symbols indicate diabe-
tes. The number below a symbol is the ACR
value (mg of albumin/mg of urinary creatinine)
at the time of examination. The ACR was
determined for 13 family members. These rel-
atives can be used to form 56 pairs of relatives:
12 parent-offspring pairs (2 D-D, 6 D-ND, 4
ND-ND), 16 sibling pairs (4 D-D, 10 D-ND,
2 ND-ND), 23 avuncular pairs (8 D-D, 12
D-ND, 3 ND-ND), and 5 cousin pairs (2 D-ND,
3 ND-ND). In total, 14 pairs were D-D. Thirty
were D-ND, and 12 were ND-ND (D, diabetic;
ND, nondiabetic).
viously [21]. Briefly, the random urine sample (not a pedigrees have a distinct advantage over nuclear families
in that more pair-wise combinations containing a broaderfirst void) obtained at the time of examination was first
assayed by Multistix (Bayer Corporation, Diagnostics array of genetic relationships are possible. The familial
correlation (derived from the covariance among rela-Division, Elkhart, IN, USA), which was read by an opti-
cal scanner. Urine samples with a 21 or greater reading tives) estimates a fraction of the heritability of the trait.
Initial estimates of familial correlations were obtained(albumin .100 mg/dL) were considered overtly albu-
minuric and were not examined for microalbuminuria. using the FCOR program within the S.A.G.E. software
package [S.A.G.E. 1997, Statistical Analysis for GeneticAll others were assayed for albumin and creatinine con-
centrations. Albumin concentration was measured by Epidemiology, Release 3.1. This computer program
package is available from the Department of Epidemiol-immunonephelometry on a BN100 with the N Albumin
Kit for serum albumin, and a manufacturer-supplied pro- ogy and Biostatistics, Rammelkamp Center for Educa-
tion and Research, MetroHealth Campus, Case Westerntocol designed specifically for the low concentration of
albumin found in urine. The coefficient of variation was Reserve University, Cleveland, OH, USA]. For each re-
lationship (for example, parent–offspring, sibling–sibling),,2% intra-assay and ,4% interassay. Urine creatinine
concentrations were performed by alkaline picric color- the heritability for the trait (ACR) could be estimated.
Thus, multiple estimates with differing power (based onimetry (modified Jaffe reaction) on an Synchron CX5e
(Beckman Instrumentation, Brea, CA, USA). The ratio the number of pairs) are obtained.
To overcome the deficiency of this approach and toof concentrations of albumin (mg) to creatinine (mg) in
random urine specimens (ACR) was used as an index control for confounders, a variance components method
designed for use in pedigrees of arbitrary size and com-of UAE. The ACR values expressed in mg/mg approxi-
plexity was used for estimation of heritability and geneticmate the numeric values of the corresponding albumin
correlations in our family collection [22]. In the varianceexcretion rate measured in timed urine collection and
components approach, the likelihood of the pedigreesexpressed in mg/min. The precise means to convert an
for the trait (for example, ACR) of interest is assumedACR to an albumin excretion rate (AER) were pub-
to follow a multivariate normal distribution. Estimateslished previously [21]. Individuals with Multistix 21 (26
of the means and variances of components of the modelsindividuals with diabetes) were assigned ACR 5 2500
are obtained by maximum likelihood methods [23]. Theand those with end-stage renal disease ACR 5 7500 (16
significance of covariate effects on each trait is deter-individuals with diabetes).
mined by evaluating a model with covariates, with compar-
Statistical genetic methods ison to a model with the covariate removed. Maximum
likelihood methods are used to estimate simultaneouslyThe objective of the analyses was to determine the
extent to which genetic factors contribute to diabetic the genetic and covariate effects. The resulting likelihood
ratio statistic is used to determine the significance of thenephropathy-related traits. In our pedigrees, information
on traits (ACR, SBP, DBP) and measured covariates effects, comparing the full model (genes 1 covariates)
with the reduced model. This analysis was performed(age, sex, percentage IBW, and presence and duration
of diabetes) was used to estimate the covariance among within the SOLAR software program developed at the
Southwest Foundation for Biomedical Research (Sanrelatives based on pair-wise combinations of examined
individuals within pedigrees. In this approach, larger Antonio, TX, USA) [22].
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Table 1. Clinical characteristics of examined members of the 96The value of each diabetic nephropathy-related trait
families according to diabetes status
(ACR, SBP and DBP) was modeled as a linear combina-
Diabetes statustion of effects caused by covariates, genetic effects, and
Absent Presentresidual variability. The effect caused by genes was as-
(N 5 639) (N 5 630)sumed to be independent from other effects and nor-
% Male 46 43mally distributed with mean zero and variance s2G. Heri-
Age at examination years 45618 52 618atability (h2) is defined as the ratio of the variance of the
Age at diagnosis of diabetes years — 38618
trait caused by genes (s2G) divided by the total pheno- % Ideal body weight 125 625 132 631a
SBP mm Hg 123619 133 621atypic variation (s2). Inclusion of covariates in the vari-
DBP mm Hg 77610 77611ance component model affects the genetic variation (re-
ACR percentiles mg/mga
moving familial similarity caused by effects of covariates, 25th 4 5
50th 6 11such as percentage of IBW) and may result in a different
75th 9 51estimate of heritability.
95th 42 2400
Two traits may be correlated because of common envi-
Abbreviations are: SBP, systolic blood pressure; DBP, diastolic blood pres-
ronmental factors, common genetic factors, or more usu- sure; ACR, albumin/creatinine ratio.
a P , 0.001ally a mixture of both. The observed phenotypic correla-
tion in a population does not distinguish the respective
contributions of the genetic and environmental factors.
Therefore, estimates of genetic (rG) and environmental Table 2. Distribution of usable pairs of relatives in the 96 families
according to genetic relationship and diabetes status(rE) correlations among these traits were determined in
a fashion similar to that discussed earlier in this article Diabetes status
by including pairs of traits in the analyses. The method Relationship Total D-D D-ND ND-ND
represents an extension of the work of Amos [24]. Statis-
Spousal 129 21 103 5
tical significance was based on 22 times the difference Parent-offspring 975 284 479 212
Sibling 1329 523 505 301between the log likelihoods of the full model and a re-
Half-sibling 42 18 12 12duced model with the parameter of interest (h2, rG, or Grandparental 200 59 92 49
rE) constrained to zero. Avuncular 1822 453 1001 368
Cousin 1526 274 648 604In the analysis, individuals with impaired glucose toler-
Other 458 100 223 135ance (N 5 66) were included as type 2 diabetes with 0
Total pairs 6481 1732 3063 1686years of diabetes duration. Inclusion of these individuals
Abbreviations are: D, individuals with diabetes; ND, individuals without dia-as nondiabetics did not change the results of any of the
betes.analyses, so these data are not presented. In all analyses,
the ACR values were transformed to the logarithm (base
10), and it is designated simply by ACR.
the distribution of ACR was highly skewed, the quartiles
and 95th percentile are shown for comparison. The two
RESULTS
distributions were very different (P , 0.0001); the 50th
Characteristics of families and 75th percentiles for diabetic members are at the 75th
and 95th percentiles for the nondiabetic members. ForIn total, we examined 1365 members of 96 large fami-
lies. A random urine sample for determination of the all subsequent analyses, the ratio was transformed to the
logarithm (base 10), designated simply by ACR.ACR was provided by 1269 of these individuals, of whom
630 had type 2 diabetes (including the 66 individuals The power of the study to assess the familial aggrega-
tion of ACR and its relationship to other traits is depen-with impaired glucose tolerance) and 639 were nondia-
betics. On average, each family provided urine samples dent on the number pairs of relatives available in the
families. The pedigree shown in Figure 1 serves to illus-for 6.6 individuals (range 4 to 16) with type 2 diabetes
and 6.7 individuals without diabetes. The family pedigree trate the determination of the number of relative pairs
in a family. The ACR was determined for 13 membersin Figure 1 is typical of the 96 families.
Some clinical characteristics of the examined family of this pedigree. These relatives can be used to form
56 pairs: 12 parent–offspring pairs, 16 sibling pairs, 23members are summarized in Table 1 according to diabe-
tes status. On average, those with diabetes were seven avuncular pairs, and 5 cousin pairs. In all 96 families,
the total number of usable pairs of relatives was 6481.years older at the time of examination than those without
diabetes (52 6 18 vs. 45 6 18 years) and had diabetes The distribution of these relatives by genetic relationship
and by pair type [diabetic–diabetic (D-D), diabetic–non-for 14 6 8 years. Family members with diabetes were
more obese, had higher SBP but not DBP, and had diabetic (D-ND), nondiabetic–nondiabetic (ND-ND)] is
shown in Table 2. For the D-D and ND-ND groups,higher levels of ACR than the nondiabetic members. As
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Table 3. Heritability (h2)a of urinary albumin excretion and blood are known to have MODY3 mutations, the analyses were
pressure in the relatives in the 96 families by diabetes status
repeated after excluding them. The number of pairs of
All relative Only diabetic Only nondiabetic diabetic relative decreased (N 5 1466), but there were
pairs relative pairs relative pairs only trivial changes in the heritability estimates, all ofTraits N 5 6481 N 5 1732 N 5 1686
which remained highly significant: for ACR was h2 5
ACR 0.27 0.31 0.20
0.28 (previously h2 5 0.31), for SBP was h2 5 0.33 (h2 5SBP 0.24 0.33 0.38
DBP 0.15 0.23 0.28 0.33), and for DBP was h2 5 0.22 (h2 5 0.23).
Table 3 also includes estimates of heritability for theAbbreviations are: ACR, albumin creatinine ratio; SBP, systolic blood pres-
sure; DBP, diastolic blood pressure. same three traits in pairs of nondiabetic relatives. The
a Values adjusted for the following covariables: sex, age, duration of diabetes,
number of pairs of nondiabetic relatives (N 5 1689) wasand % of ideal body weight
similar to that for diabetic relatives but included a much
larger proportion of the less informative cousin pairs
(Table 2). Overall, however, the estimates of heritability
the number of relative pairs are similar (1732 and 1686, for ACR, SBP, and DBP were similar to those in the
respectively), whereas the total number in the D-ND diabetic pairs.
group is twice that (3063). The D-D group, however, has
a greater number of informative relative pairs than the Genetic correlations
ND-ND group, as it contains more parent–offspring, sib- The variance components approach also allows esti-
ling–sibling, and avuncular pairs. mation of genetic (rG) and environmental (rE) correla-
tions between traits after inclusion of covariates (Table
Heritability of albumin creatinine ratio and
4). In all pairs of relatives, all of the genetic correlations
blood pressure
between pairs of traits were significantly greater than
Estimates of heritability for ACR (an approximation zero (P , 0.001). The genetic correlation between ACR
of UAE), SBP, and DBP were obtained for the total and blood pressure traits was similar in magnitude and
collection of 96 families. Estimates of familial correla- direction (ACR and SBP, rG 5 0.27; ACR and DBP,
tions for each type of relationship were determined by rG 5 0.26). The estimated environmental correlations
the FCOR routine in S.A.G.E. Heritability (h2) could between traits were more variable. Although the envi-
be obtained from each relationship by multiplying the ronmental correlation between ACR and SBP was sig-
estimated correlation by a constant (for example, twice nificant (rE 5 0.17, P , 0.05), the environmental correla-
the parent–offspring correlation). Using this approach, tion between ACR and DBP was not significantly
the heritability of ACR ranged from 0.20 (grandparen- different from zero (rE 5 20.01).
tal) to 0.42 (sibling). All estimates were significantly To assess the genetic and environmental correlations
greater than zero (P , 0.01). The heritability of SBP and in diabetics, separate analyses were performed using only
DBP values were more variable, with estimates ranging information in D-D pairs (N 5 1732). The genetic corre-
from zero (using the 42 half-sibling pairs and 200 grand- lations were significantly greater than zero (P , 0.001)
parental pairs) to nearly one (using full-sibling pairs). and were somewhat higher than those observed in the
Because covariates such as age, sex, and percentage total sample. The genetic correlations between ACR and
of IBW have significant impact on heritability of the blood pressure increased more than 30% (ACR and
examined traits, the variance components approach in SBP, rG 5 0.38; ACR and DBP, rG 5 0.52). The environ-
SOLAR was employed to provide a single, overall esti- mental correlations, on the other hand, varied little from
mate of heritability that was adjusted for the effect of the previous estimates (ACR and SBP, rE 5 0.17; ACR
these covariables. The heritability for each trait was sig- and DBP, rE 5 20.08). These results suggest that the
nificantly greater than zero (P , 0.001; Table 3). The presence of diabetes specifically enhances the pheno-
heritability for ACR was h2 5 0.27, for SBP was h2 5 typic expression of the shared genetic factors, whereas it
0.24, and for DBP was h2 5 0.15. has little influence on the effects of shared environmental
As diabetics have a different distribution of ACR than factors. These estimates did not change when known
nondiabetics, these heritabilities were estimated sepa- MODY families were removed from the analysis (data
rately for diabetics. This was accomplished by coding not shown).
the trait in nondiabetic subjects as “missing” and re- Table 4 shows also estimates of genetic and environ-
peating the analysis in the 1732 D-D pairs of relatives. mental correlations in pairs of nondiabetic relatives. Al-
Again, all estimates of heritability were significantly though the environmental correlations in this group were
greater than zero (P , 0.001). The estimates of heritabil- identical to those among pairs of diabetic relatives, the
ity for the traits were higher in the diabetics than in the genetic correlations differed dramatically. In the 1686
total group: for ACR h2 5 0.31, for SBP h2 5 0.33, and pairs of nondiabetic relatives, with a large proportion of
pairs formed among cousins, the genetic correlations be-for DBP h2 5 0.23. Because 10 of the examined families
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Table 4. Genetic (rG) and environmental (rE) correlations between ACR and systolic (SBP) and diastolic blood pressure (DBP)
in relatives according to diabetes status
Only diabetic Only nondiabetic
All relatives relatives relatives
Traits N 5 6481 N 5 1732 N 5 1686
Genetic correlation (rG)
SBP 0.27 0.38 20.13
DBP 0.26 0.52 0.04
Environmental correlation (rE)
SBP 0.17 0.17 0.17
DBP 20.01 20.08 0.08
Values are adjusted for the following covariables: sex, age, duration of diabetes, and % of ideal body weight.
tween ACR and SBP and ACR and DBP were not differ- estimates that were based on data from nuclear families
[12]. More importantly, the versatility of variance com-ent from zero (rG 5 20.13, and rG 5 0.04, respectively).
A comparison of the correlations between all pairs and ponents analysis has allowed us to link this finding to
another issue critical to the evolution of diabetic ne-the ones in diabetics and nondiabetics, separately, indi-
cates that estimates of genetic correlations in the 3063 phropathy, namely the relationship between albumin ex-
cretion and blood pressure. It is well recognized thatD-ND pairs must be similar to those in the total group.
there is a strong phenotypic correlation between ACR
and blood pressure. The analysis here could apportion
DISCUSSION
this into environmental and genetic components. The
This study assessed familial aggregation of UAE, mea- finding of significant genetic correlations (rg) between
sured as the ACR, in Caucasian families with type 2 ACR and SBP and DBP (0.27 and 0.26, respectively) in
diabetes mellitus. Using a new analytical method, vari- all members of the families suggests that a significant
ance components analysis, we demonstrated the signifi- proportion of the observed correlation is explained by
cant impact of genetic factors on the level of UAE in shared genetic effects influencing both UAE and blood
family members with and without diabetes, regardless pressure. The role of the shared genes seems to be magni-
of whether they were analyzed separately or together. fied in the presence of diabetes because the genetic corre-
Our estimate of the heritability of the ACR in the total lations between ACR and blood pressure increased to
group is 0.27 and reflects a significant genetic contribu- 0.38 and 0.52 for SBP and DBP, respectively. The latter
tion, similar in magnitude to the heritabilities of systemic inference is supported further by our finding that the
blood pressure [12]. environmental correlations between ACR and SBP and
To our knowledge, this is the first report of heritability DBP are very low or nonexistent and do not increase in
for UAE and recognition of significant familial aggrega- the presence of diabetes. Moreover, these findings are
tion of albumin excretion in Caucasian families with type consistent with previous data showing that susceptibility
2 diabetes. This means that after accounting for known to diabetic nephropathy in type 1 diabetes was associated
covariates, especially for sex, age, obesity, and presence with predisposition to essential hypertension, as mea-
of diabetes, almost 30% of the residual phenotypic vari- sured by various phenotypic indices [13, 14, 25].
ability of ACR was due to genetic factors. These results Whether elevated albumin excretion in diabetic ne-
extend the observation of familial aggregation of albu- phropathy precedes or follows the rise of blood pressure
min excretion in smaller studies of type 2 diabetes indi- cannot be determined in our study. However, if, as this
viduals [6–8]. They are also in keeping with preliminary study suggests, both traits are controlled by common
data recently published by investigators of diabetic ne- genes, the apparent chronological sequence of their
phropathy in the Pima Indian population (abstract; Im- emergence in any particular study may depend on the
peratore et al, Am J Hum Genet 61:A280, 1997). In presence of covariates (such as diabetes or obesity) and
studies of their families with type 2 diabetes, complex the relative precision of the measurements of ACR and
segregation analysis indicated the existence of a major blood pressure.
gene influencing susceptibility to nephropathy in Pima Current studies to map diabetic nephropathy suscepti-
Indians. Preliminary segregation analysis in the Cauca- bility genes employ the clinical phenotype of overt ne-
sian families in this report also suggests the presence phropathy for the selection of families or sibling pairs
of a major gene effect for albumin excretion [abstract; with nephropathy [26–28]. If the heritability estimates
Fogarty et al, Diabetes 47(Suppl 1):A12, 1998]. for UAE obtained in this study are confirmed, an effec-
The heritability estimates for the systemic blood pres- tive study design based on variance components analysis
[10, 11] can be employed to map genes that contributesure traits in this study are consistent with many previous
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